Magnetic nanoparticles (MNPs) of iron oxide (Fe3O4) represent the most promising materials in many applications. MNPs have been synthesized by co-precipitation of ferric and ferrous ions in alkaline solution. Two methods of synthesis were conducted with different parameters, such as temperature (25 and 80 C), adding a base to the reactants and the opposite process, and using nitrogen as an inert gas. The product of the first method (MNPs-1) and the second method (MNPs-2) were characterized by x-ray diffractometer (XRD), Zeta Potential, atomic force microscope (AFM) and scanning electron microscope (SEM). AFM results showed convergent particle size of (MNPs-1) and (MNPs-2) with (86.01) and (74.14) nm respectively. Also, the zeta potential values of (MNPs-1) and (MNPs-2) were (2.77) and (-12.48) mV, respectively, which indicates more stability of (MNP-2).
INTRODUCTION
Nanoscience is one of the most important recent research areas, Mahdavi, et al., 2013. It is now broadly used in the medicine, pharmaceutical manufacturing, engineering, electronics, robotics, material science and environmental areas, Hyeon, 2003. Due to their exceptional size and physical properties, the use of nanoparticle (NP) materials proposes various benefits, Faraji, et al., 2010. For over a decade, the synthesis of transition metals and their oxide NPs has been an area of intensive study because of their perspective and practical applications in cancer therapy, water treatment, magnetic fluid separation, heat transfer enhancement, adsorption, and so on, Hong, et al., 2008. Magnetite (Fe3O4) is a widespread magnetic iron oxide. It has an inverse (cubic) spinel structure with oxygen (anions) creating a face-centered cubic (fcc) closed packing and iron (cations) located at the interstitial tetrahedral sites (Td) and octahedral sites (Oh), Cornell, and Schwertmann, 1996. Magnetite NPs have earned a lot of attention in many applications due to specific characteristics for each application. In biomedical applications, such as drug delivery and magnetic resonance imaging (MRI), and in industrial applications, MNPs are used due to their biocompatibility, low toxicity, ease of surface modification, magnetic properties, and chemical stability, Bucak, et al., 2012. In the field of information storage and magnetic sensing, they are used due to the strong need for highdensity storage, Sun, 2006. Also, Magnetite NPs have been used extensively in the forward osmosis (FO) process, after being coated with a proper surfactant, due to the merit of magnetic recovery which lowers the cost of the process, Ling, 2012. Moreover, the production model of this nanomaterial make the scale-up process easy, Alejo, et al., 2017. Methods for preparing MNPs include thermal decomposition, microemulsion, and co-precipitation method. Some of these methods have been used to synthesize monodispersed MNPs, but precise control of size, shape, and surface of MNPs is generally challenging, Medintz, et al., 2005. On the other hand, producing large quantities of uniform-sized nanocrystals will be perilous because of the requirement of high quality nanosize in many nanotechnological applications. For example, the color sharpness of biomedical imaging probes and semiconductor optical devices based on nanocrystals strongly relies on the homogeneity of the nanocrystals, Faraji, et al., 2010.
As one convenient and cheap method, chemical co-precipitation has the potential to meet the growing demand for the direct production of good dispersed magnetite NPs. This method may be the simplest and most effective chemical path to obtain magnetic particles because it offers a lowtemperature substitute to traditional powder synthesis techniques in the preparation of NPs, and the sizes of NPs can be well controlled by appropriate surface coating, Nidhin, et al., 2008 . Chemical co-precipitation can yield high-purity, fine particles of single and multicomponent metal oxides, Chen, et al., 2005. The main feature of this process is that quantitative amount of NPs can be prepared. However, it has limited control on particle size distribution because the growth of the crystal is controlled only by kinetic elements, Laurent, et al., 2008. In the co-precipitation process, two stages are involved, Gribanow, et al., 1990 and Cornell, and Schwertmann, 1996: a rapid nucleation happens when the reactants concentration reaches to the critical supersaturation state, and the second stage is slow growth of the nuclei by diffusion of the solute substances to the surface of the crystal. These two steps should be separated, in order to have monodisperse iron oxide NPs, i.e., nucleation should be averted during the growth period, Tartaj Iron oxide NPs have the characteristic of large surface-to-volume ratio and therefore they own high surface energies. As a result, they have the tendency to agglomerate so as to reduce their surface energies, Na, et al., 2014. Moreover, the bare MNPs have high chemical activity and are easy to be oxidized in the presence of oxygen (especially magnetite), resulting in loss of magnetism and dispersibility. Hence, it is essential to develop an active protection strategy to maintain the stability of these NPs by providing appropriate surfactant, such as polymers, Wu, et al., 2008. Also, the aggregation of small crystallites during synthesis leads to the formation of larger particles sizes, Ocana, et al., 1995.
The zeta (ζ) potential is the electrostatic potential at the boundary dividing the compact layer and the diffuse layer of the colloidal particles, Ostolska, and Wisniewska, 2014. It is a measure of the stability of NP suspensions. The higher electric charge on the surface of the NPs the more they will be safe from being agglomerated in buffer solution and that ensures easy redispersion because of the strong repulsive forces among particles, Honary, and Zahir, 2013. As a rule of thumb, absolute zeta potential values over 30 mV give good stability and over 60 mV excellent stability, while about 20 mV sustain only short-term stability. Values in the range -5 mV to +5 mV indicate fast aggregation, Al-Kazazz, et al., 2016.
The synthesis of uniform-sized, monodisperse nanoparticles is of key importance because the characteristics of these NPs depend intensely on their measurements, Goldstein, et al., 1992. From the fundamental scientific perspective, it is very important to control sizes of nanocrystals to characterize the size-dependent physical properties of them, Steigerwald, and Brus, 1990. The magnetic properties of NPs depend on their size. When the size of iron oxide NPs becomes smaller than 20 nm they are classified as superparamagnetic materials, i.e., they have no coercivity and no remanent magnetization when the external magnetic field is removed. Above this limit of size, the MNPs are ferri-/ferromagnetic materials that stay magnetized after the removal of the magnet, Baumgartner, et al., 2013.
The first controlled preparation of superparamagnetic iron oxide particles using alkaline precipitation of ferric and ferrous ions was achieved by, Massart, 1981. The key to control the sizes of the NPs is to adjust the rivalry between nucleation and growth. When the nucleation ratio is larger than growth ratio of seeds, the sizes of MNPs will be smaller or else the sizes will be larger, , which is the same ratio used in the present work. An increase in the mixing rate leads to decrease in the particle size, Faraji, et al., 2010. This can be explained as when the mixing rate increased, the energy conveyed to the solution medium also increased and the reaction solution dispersed into smaller size droplets, Sun, et al., 2006. In the same way, when the base is added to the reactants a decrease in size as well as the polydispersity was noted as compared to the reverse process, Faraji, et al., 2010. While, injection flux rates do not seem to have a predominant influence on the nanoparticle synthesis, Babes, et al., 1999. Bubbling inert gas through the solution or conduct the process of synthesis under the protection of inert gas not only protects magnetite from being oxidized but also reduces the particle size as compared to methods without inert gas protection, Kim, et al., 2001, Gupta, and Wells, 2004, and Khan, 2008.
In the present work, MNPs have been synthesized by two different methods with different parameters to study the effect of those parameters on the NP size. In the first method, nitrogen gas was used and reactants were added to the base during the synthesis process, while N2 was not used in the second method and the base was added to the reactants. Also, the temperature of the process was high in the second method, and it was low (room temperature) in the first. Both MNPs were characterized by XRD, AFM, SEM and zeta potential. Also, nitrogen was used as the inert gas only to deoxygenate the distilled water used to dissolve iron salts, and the influence of using nitrogen in that way on the particle size was studied beside other parameters.
MATERIALS AND METHODS
Magnetic nanoparticles were synthesized by the co-precipitation of ferric and ferrous ions in alkaline medium following two methods. The synthesis processes were conducted in the chemical engineering department/ University of Baghdad. In the first method, 0.85 ml of 12 M HCl (37% concentration, from ROMIL-SA) and 25 ml of distilled water (produced by GFL -Gesellschaft für Labortechnik water distillation unit, Germany) deoxygenated by bubbling N2 gas for 30 minutes were mixed, and 5.2 g of FeCl3 (from Sinopharm Chemical) and 4.448 g of FeSO4·7H2O (from BDH Chemicals, England), which represents 1:2 (Fe 2+ /Fe 3+ ) molar ratio, were consecutively dissolved in the solution with stirring. The resulting solution was added dropwise into 250 ml of 1.5 M NaOH (99% purity from Applichem GmbH, Germany) solution with vigorous mixing (600 rpm) at room temperature. The pH value of the reaction environment was 14. The last step produced an instant black precipitate of Fe3O4. The reaction is fast and magnetite NPs can be seen instantly after adding iron salts. The paramagnetic was tested in-situ by putting a magnet near the black precipitate as shown in Fig. 1 . The precipitate was isolated in the magnetic field of the magnet, and the supernatant liquid was removed by decantation with distilled water several times until the pH of the solution is neutral. To obtain the MNPs in a powdered form, the precipitant was isolated from the solution and dried in a dryer at 50 C for 4 h and then overnight at room temperature. Thus, MNPs-1 were obtained.
In the second method, MNP-2 were synthesized as follows. 6.5 g of FeCl3 and 5.56 g of FeSO4.7H2O, which also represents 1:2 (Fe 2+ /Fe 3+ ) molar ratio, were dissolved in 50 ml of 0.5 M HCl solution. Then, 500 ml of 1.5 M NaOH was added dropwise to the solution under vigorous mixing (600 rpm) with heating at 80 C. The pH value of the reaction environment was also 14. The rest of the preparation steps are the same as in the first method. It is essential to understand the physicochemical characteristics of the prepared nanoparticles to comprehend their performance in the application they are used for. Therefore, the prepared MNPs have been characterized by X-ray diffractometer, XRD (SHIMADZU X-RAY DIFFRACTOMETER/ Lab X/ XRD 6000, Japan, scan range: 10.0000 -120.0000 deg) to confirm the magnetite phase. The zeta-potential of the MNPs was measured with Zeta potential Analyzer (Zeta Plus, Brookhaven-USA with zeta potential range : -150 to + 150 mV) to understand the extent of stability of MNPs, and they were imaged using scanning electron microscope, SEM (Model: Tescan VEGA 3 SB). Atomic force microscope, AFM (SPM-AA3000 Angstrom Advanced Inc., Scanning Probe Microscope, USA) was used to determine the average particle size of MNPs and the particle size distribution.
RESULTS AND DISCUSSION
The preparation of MNPs by co-precipitation method is a well-known and widely used process. Fig. 2 shows XRD patterns of MNPs-1 and MNPs-2. Both patterns demonstrate a highly crystalline structure for Fe3O4. The characteristic peaks of magnetite observed in the XRD pattern of 30. 1, 35.4, 43.1, 53.5, and 30.3, 35.7, 43.4, 53.8, 57 .3 and 62.9 ̊ for MNPs-2 correspond to the diffractions of 220, 311, 400, 422, 511 and 440 ̊ crystal faces of Fe3O4 spinel structure, respectively. These results are in good consistency with the XRD patterns of magnetite nanoparticles reported by, Hui, et al., 2008. Scherrer's equation was used to determine crystallite size of MNPs:
Where: D is the mean size of the crystallite (nm), К is the shape factor of the crystallite (dimensionless), λ is the x-ray wavelength (nm), is the line broadening at half the maximum intensity (FWHM) (radians), and is the x-ray diffraction angle (degrees).
According to Scherrer's equation and using FWHM values of the most intense peaks obtained from XRD, the obtained crystallite size of MNPs-1 and MNPs-2 are 14.3 nm and 13.8 nm, respectively. The surface charges of the MNP-1 and MNPs-2 were measured by zeta potential analysis. The results show that they have zeta potential values of 2.77 mV and -12.48 mV, respectively. This means that MNPs-2 is more stable than MNPs-1 and the latter aggregates faster because of the lower absolute zeta potential value it possesses. Therefore, MNPs-1 has larger particle size because of the fast aggregation, even though the difference in size is small. Fig. 3 shows graphs of zeta potential. Also, both types of MNPs were imaged with SEM as shown in Fig.  4 . Atomic Force Microscope, AFM was also used to characterize MNPs. AFM results show particle size of 86.01 nm and 74.14 nm for MNPs-1 and MNPs-2, respectively, which is consistent with the results of zeta potential and XRD. Fig. 5 shows AFM images and Fig. 6 shows the particle size distribution of MNPs. In the synthesis of MNPs-1, nitrogen gas was used in a limited way. In other words, the process was not completely purged with nitrogen gas which means that the factor of using inert gas during synthesis of MNPs is not completely applied here. This could explain why the obtained particle size of MNPs-1 is larger than the particle size of MNPs-2.
Finally, by comparing MNPs-1 and MNPs-2, many synthesizing factors were found to be different including using N2 gas, temperature, and adding a base to the reactants, while other factors are similar, such as pH, Fe 2+ /Fe 3+ molar ratio, and mixing rate. As a result, larger size MNPs-1 than MNPs-2 were obtained with a small difference. Although N2 gas was used in the first method, it was not used to protect the atmosphere of the reaction, its use was in a limited way and not through purging the process. All the different factors used in the two synthesis processes including using N2, temperature and adding a base to the reactants, support the obtained results. As for pH, Fe +2 /Fe +3 molar ratio, and mixing rate, they were similar in both methods despite their effect on the results. All the aforementioned factors of the synthesis of MNPs-1 and MNPs-2 is summarized in Table 1 .
CONCLUSIONS
In this work, MNPs, which can be used in many applications (such as biomedical, water treatment, industrial and information storage field), were synthesized by co-precipitation method at two different conditions. In the first method, MNPs with particle size 86.01 nm was obtained from synthesis conditions 25 C, Fe 2+ /Fe 3+ molar ratio equal to 0.5, pH=14, mixing rate 600 rpm, the N2 gas used for deoxygenating of the water used for dissolving iron salts, and with the addition of reactants to the base. In the second method, MNPs with particle size 74.14 nm was obtained from synthesis conditions 80 C, no N2 gas was used, the addition of base to the reactants with the similar remaining factors. XRD characterization proved the formation of magnetite phase with crystallite size 14.34 and 13.84 nm for MNPs-1 and MNPs-2, respectively. Zeta potential analysis showed that MNPs-2 is more stable than MNPs-1 with zeta potential values -12.48 and 2.77 mV, respectively.
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